Study Design. A prospective, randomized study on patients who underwent posterior lumbar decompression with bilateral posterolateral arthrodesis.
Degenerative spondylolisthesis was first described by Newman in 1955. 1 Earlier descriptions contrasted this condition from those caused by a pars interarticularis defect. Junghanns introduced the term "pseudospondylolisthesis" in 1930. 2 He recognized the distinction of an intact posterior element in his examination of anatomic specimens from Schmorl's collection. However, this term led to some confusion, as there is indeed a true spondylolisthesis in this condition. Thus, MacNab, in 1950, utilized "spondylolisthesis with an intact neural arch." 3 Wiltse et al established a widely accepted classification of spondylolisthesis based on etiology. 4 Degenerative spondylolisthesis comprises one of five elements in this system.
The operative management of degenerative spondylolisthesis has remained controversial. Early authors recommended decompression alone; stabilization procedures after laminectomy were considered unnecessary. [5] [6] [7] [8] [9] [10] Herkowitz and Kurz, in 1991, performed a prospective, randomized study comparing decompression alone with decompression and bilateral posterolateral arthrodesis. 11 Fifty consecutive patients were assigned alternately to one of two treatment groups. Follow-up averaged 3 years. The results of this study demonstrated a significantly improved clinical outcome in those patients who underwent decompression with a concomitant arthrodesis. Pseudarthrosis was noted in 9 patients (36%) of the arthrodesis group. However, all patients with a pseudarthrosis had an excellent or good outcome at final evaluation.
The addition of spinal instrumentation has been advocated by some authors in the operative management of degenerative spondylolisthesis with spinal stenosis. [12] [13] [14] [15] [16] Instrumentation has been recommended to increase the fusion rate, decrease the rehabilitation time, and improve patient outcome. 17 However, based on the results of short to intermediate range studies, fusion status does not affect clinical outcome. 14, 18 A fibrous union appears to provide sufficient stabilization and to provide pain relief of the back and lower extremities. Fischgrund et al, in 1997 , published a prospective, randomized study comparing the results of decompression and arthrodesis alone with those of decompression and arthrodesis combined with instrumentation. 18 Sixtyeight patients were randomized to one of two treatment groups. There was an average follow-up of 2 years. The results of this study demonstrated that the addition of spinal instrumentation will improve the fusion rate (83% vs. 45%). However, no significant improvement in clinical outcome was realized with the use of spinal instrumentation at final follow-up. Although pseudarthrosis developed in 55% of the noninstrumented group, the clinical outcome was still noted to be excellent or good in 15 of 18 patients (83%). 18 The purpose of the current study was to determine the long-term influence of arthrodesis or pseudarthrosis on the clinical outcome of patients with degenerative spondylolisthesis and spinal stenosis. A prospective, randomized study was performed on patients who underwent posterior lumbar decompression with bilateral posterolateral autogenous arthrodesis.
Materials and Methods
A total of 118 consecutive patients had been randomly assigned to one of two treatment groups; these patients were described in two previous studies. 11, 18 Fifty-eight patients from the prior two studies had been randomized to the treatment group that underwent posterior lumbar decompression and bilateral posterolateral autogenous arthrodesis without spinal instrumentation. The data on these 58 patients form the basis of this report.
All patients had degenerative spondylolisthesis with symptomatic spinal stenosis at a single level, with no prior history of lumbar spine surgery. All patients underwent a trial of nonoperative treatment for at least 3 months before surgery. The patients were recommended for a surgical procedure after failing nonoperative treatment. All continued to have significant back and leg pain with a significant restriction of daily activities due to radicular or neurogenic claudicatory complaints. Informed written consent was obtained from each participant. All patients in the current study agreed to participate in a clinical study approved by the Human Investigational Committee at William Beaumont Hospital, Royal Oak, MI.
Forty-seven of 58 patients treated with decompression and arthrodesis were available at final review. Final evaluation consisted of a telephone interview and self-administered questionnaire. Final clinical and radiographic assessment was performed approximately 3 years following surgery. Of the 11 patients not included in this report, 8 patients died, 1 had a recent cerebrovascular accident, 1 patient declined to participate, and only 1 patient was not located. All patients had single-level degenerative lumbar spondylolisthesis on plain radiographic imaging. The diagnosis of spinal stenosis was established by computed tomography (CT), CT myelogram, or MRI. Preoperative plain radiographs of the lumbosacral spine were obtained for all patients. These included anteroposterior, lateral, left and right obliques, standing lateral, and standing flexion-extension lateral images. Final radiographs obtained included anteroposterior and standing flexion-extension lateral images. These final radiographs were obtained 3 years following surgical intervention. Preoperative and postoperative radiographic images were analyzed to determine the amount of spondylolisthesis in millimeters, the amount of sagittal motion in millimeters, and the amount of angular motion in degrees (Figure 1) .
Arthrodesis was determined to be successful if follow-up radiographs demonstrated a bilateral continuity in the fusion mass between the cephalad and caudad transverse processes. Pseudarthrosis was present if there was no continuity in the fusion mass (Figure 2 ) or if lateral flexion-extension radiographs demonstrated Ͼ2°of angular motion or Ͼ2 mm of sagittal motion at the level of the spondylolisthesis. 18 All clinical and radiographic assessments were made by examiners other than the treating surgeons and who were blinded to the patient's clinical results. Radiographs were independently examined by two orthopedic surgeons (one of whom was a spine specialist). If the reported fusion status differed between the examiners, the radiographs were reexamined and a consensus reached.
Decompression of the central canal and nerve roots was performed by removing half of the cephalad and the caudad lamina of the involved vertebra, together with bilateral medial caudad and cephalad facetectomy. The technique of spinal arthrodesis was that described by MacNab and Dall 19 and by Wiltse et al 20 for single-level bilateral intertransverse process arthrodesis. The outer table of the iliac crest was exposed through the same skin incision that was used for the decompression and arthrodesis. Strips of corticocancellous and cancellous bone were harvested from the outer and middle tables of the iliac crest and were placed along the transverse processes. 16, 21 Decortication of the transverse processes with a burr or rongeur was performed before placement of bone graft. 18 Before the operation, all patients rated pain in the back and lower limbs/buttocks on a visual analog pain scale, ranging from 0 (no pain) to 5 (severe pain). Separate scales were established for back and lower limb pain. At final follow-up, the patients were again asked to score their back and leg pain on the same visual analog pain scale.
The operative results were rated as excellent, good, fair, or poor based on criteria established from previous studies. 11, 18 The result was considered to be excellent if a patient resumed unrestricted activity and had near-complete relief of pain in the back, lower limbs, or both. A good result indicated that there was occasional discomfort in the back or lower limbs, necessitating occasional non-narcotic medication. Patients with a good result had significant improvement, compared with the preoperative condition, and had resumed unrestricted activity. A fair result was defined as intermittent discomfort in the back, lower limbs, or both; improvement compared with the preoperative condition; restriction of activities; and an occasional need for non-narcotic medication. The patients who had a poor result had marked discomfort in the back, lower limbs, or both, necessitating non-narcotic and occasional narcotic medication. The patients in this category noted no improvement compared with the preoperative condition and had significant restriction of activities 18 ( Table 1 ). The clinical results of the operation and radiographic findings were then subjected to statistical analysis. Categorical variables were analyzed using the two-tailed Fisher's exact test or Cochran-Mantel-Haenszel statistics based on table scores where appropriate. Continuous variables were analyzed using the two-tailed Student's t test or the paired test. Pearson correlation coefficient and the asymptotic error were calculated as needed.
The same postoperative treatment was used for all groups of patients. Walking was permitted on the first postoperative day and progressed at 4 to 6 weeks after surgery. Exercises on the stationary bike or water therapy began at 6 to 8 weeks, and exercises for flexion of the spine and strengthening of the abdominal muscles were added at 10 to 12 weeks. No brace or corset was used after surgery in either group. 18 A selfadministered spinal stenosis questionnaire, as developed by Stucki et al, was used to compare long-term postoperative outcome between the two groups. 22 This questionnaire was shown to be reproducible, internally consistent, valid, and highly responsive. Three categories are assessed via the questionnaire: symptom severity, physical function status, and patient satisfaction (Table 2) .
Pain scales, operative results, and the self-administered spinal stenosis questionnaire were completed by the patients in a return trip to the hospital. Those patients who were unable to return to the hospital were administered the questionnaire through a telephone interview. This was performed by one of two medical students, who were unaware of the patient's fusion status at the time of this conversation. The duration of follow-up ranged from 5 to 14 years (mean 7.7 years).
Results
There were 36 women and 11 men in this study. The average age at surgery was 73 years for the solid fusion group and 72 years for the pseudarthrosis group. Nine patients were smokers, 8 patients were diabetic, and 6 patients had a diagnosis of peripheral vascular disease. The operations were performed at L4 -L5 in 40 patients and at L3-L4 in 7 patients. The arthrodesis was successful in 22 patients (47%). Pseudarthrosis developed in 25 patients. Arthrodesis status was determined by radiographs taken at final clinical follow-up, usually 3 years after the surgical procedure (range 2-4 years).
Clinical outcome, assessed according to relief of pain and an increase in activity, was good or excellent in 86% of patients with a solid fusion and in 56% of patients with a pseudarthrosis. There was a statistically significant difference in outcome (P ϭ 0.01). Significant differences were also demonstrated at final follow-up between the two groups with respect to residual back and limb pain scores. Preoperative back and leg pain scores were similar between the two groups. The solid fusion group and pseudarthrosis group had initial average back pain scores of 3.7 and 3.5, respectively. Preoperative leg pain scores were 4.5 and 4.2, respectively.
At the most recent postoperative evaluation, back pain scores were 1.4 and 2.6 (P ϭ 0.02), and leg pain scores were 0.5 and 2.1 (P ϭ 0.001) for the solid fusion and pseudarthrosis groups, respectively.
Before surgery, spondylolisthesis measured 6.4 mm in the solid fusion group and 6.9 mm in the pseudarthrosis group, (range 2-18 mm). Preoperative sagittal motion averaged 3 mm for both groups (range 0 -11 mm). Preoperative angular motion was 6.6°for the arthrodesis group and 10.1°for the pseudarthrosis group (range 0 -17°).
After surgery, the spondylolisthesis averaged 7.3 mm and sagittal and angular motion decreased to 2.6 mm and 8.4°, respectively, in the pseudarthrosis group. The amount of spondylolisthesis remained the same for the solid fusion group, whereas sagittal and angular motion decreased to 1.0 mm and 0.5°, respectively. The significant improvement in postoperative dynamic instability in the solid fusion group is a product of the arthrodesis. The slip severity and sagittal and angular motion were then analyzed to determine what effect, if any, they have on the likelihood of a solid fusion occurring.
Preoperative angulation averaged 6.6°in those patients who eventually had a solid fusion, compared with 10.1°in those in whom a pseudarthrosis developed (P ϭ 0.02, Student's t test of independent samples). This difference between the groups was statistically significant. Preoperative spondylolisthesis (P ϭ 0.66) and sagittal motion (P ϭ 0.89) were not predictive of fusion outcome.
Evaluation on the self-administered spinal stenosis questionnaire revealed that the solid fusion group scored statistically significantly better in the symptom severity and physical function categories. There was no statistical difference between the solid fusion and pseudarthrosis group on the patient satisfaction scale.
There was no statistically significant difference discovered between the two groups with respect to the major influencing variables of age, sex, levels fused, smoking, diabetes, or peripheral vascular disease.
There were no new peripheral (lower motor neuron) neurologic deficits after surgery in either group. No postoperative infections developed. Seven patients underwent a second lumbar spine surgery after the original index procedure. Five of these patients were of the pseudarthrosis group and 2 of the arthrodesis group. Three patients with pseudarthrosis, all with poor results, went on to have a second attempt at arthrodesis, this time with instrumentation. The remaining 2 patients from the pseudarthrosis group both underwent decompressive lumbar laminectomy at a spinal location different from the original surgery. Of the 2 patients who had a solid fusion and underwent a second lumbar spine procedure, both had decompressive lumbar laminectomy at a spinal location different from the original surgery.
Discussion
Nonoperative methods are effective in the treatment of most patients with symptomatic degenerative spondylolisthesis and spinal stenosis. Initial treatment consists of short-term activity restriction and a nonsteroidal analgesic, if tolerated. Physical therapy along with massage, heat, ultrasound, and limited pelvic traction may be used as well. Ultimately, patients are recommended to establish a regular exercise program consisting of aerobic, active flexion, and abdominal and back strengthening exercises. Surgery was advised to patients in this study who failed to respond to a reasonable trial of nonoperative treatment for a minimum of 3 months.
Surgical management of degenerative spondylolisthesis with spinal stenosis has evolved from decompressive lumbar laminectomy alone to decompression combined with a fusion procedure. The clinical benefits of performing an arthrodesis following decompression have been substantiated by several studies. 5, [11] [12] [13] 23, 24 In addition, there is justification from the literature to promote the use of spinal instrumentation as a means to increase the fusion rate. [12] [13] [14] [15] [16] 18, 25 At the same time, good to excellent clinical outcomes have been demonstrated independent of the radiographic fusion status. 18 The long-term status and the implications of a pseudarthrosis and its association vis-à -vis clinical outcome has not yet been elucidated.
Fischgrund et al reported on a study of 68 patients with degenerative spondylolisthesis and spinal stenosis. 18 This was a prospective, randomized study comparing decompressive lumbar laminectomy and arthrodesis with and without instrumentation. Thirty-five patients received pedicle screw instrumentation as part of their protocol and 33 did not. Whereas the results of the study did demonstrate an increased fusion rate with instrumentation (83% vs. 45%), there was no statistical difference in clinical outcome between treatment groups, after a minimum follow-up period of 24 months.
Bridwell et al performed a prospective randomized study of 49 patients with symptomatic degenerative spondylolisthesis. 13 There was an average follow-up of 3 years. Three treatment groups were established: Group 1, no arthrodesis; Group 2, decompression and arthrodesis; and Group 3, decompression and arthrodesis combined with pedicle screw instrumentation. An exception to the randomization process was made for those patients with Ͼ10°of angular motion or Ͼ3 mm of sagittal motion. This group of patients was automatically assigned to Group 3 and received instrumentation as part of their operative procedure. The results of this study demonstrated an improved fusion rate in the instrumented fusion group (87% vs. 30%) when compared with the noninstrumented fusion group. Functional assessment was determined by a single parameter, walking ability. Eighty-three percent of the instrumented fusion group felt that they were able to walk significantly better after the surgery compared with 31% reported for Groups 1 and 2.
Mardjetko et al, in 1994, published a meta-analysis of 25 publications and 889 patients with degenerative spondylolisthesis, collected between the years 1970 and 1993.
14 Patients in these studies were categorized based on treatment methods, including decompression, fusion, non-pedicle screw instrumentation, pedicle screw instrumentation, and anterior fusions. Those patients treated with decompression alone reported a 69% satisfactory clinical outcome. With the addition of an arthrodesis, the satisfaction rate increased to 90% and the successful fusion rate was 86%. The combination of decompression, arthrodesis, and pedicle screw instrumentation revealed that 86% had satisfactory outcomes and the fusion rate was increased to 93%. However, there was no statistical significance when comparing the outcome results and fusion rates between the instrumented and noninstrumented fusion groups.
Zdeblick, in 1993, prospectively evaluated 124 patients undergoing lumbar or lumbosacral fusion for degenerative conditions of the spine. 16 All patients were randomized to one of three treatment groups. Noninstrumented fusions were compared with fusions with semirigid and rigid instrumentation systems. This study revealed improved clinical outcome (95% vs. 71% good to excellent results) and better fusion rates (95% vs. 65% successful fusions) in the rigidly instrumented patients compared with the noninstrumented fusion group. Only 26 of these patients were noted to have degenerative spondylolisthesis.
Yuan et al presented a historical cohort study of pedicle screw fixation in thoracic, lumbar, and sacral spinal fusions in 1994. 15 A total of 3,498 patients were included in this study, 2,684 of whom had degenerative spondylolisthesis. The majority of patients with degenerative spondylolisthesis (81%) were treated with pedicle screw instrumentation and autogenous arthrodesis. The pedicle screw group demonstrated a higher fusion rate (89% vs. 70%), improved spinal alignment, and a shorter time to fusion consolidation when compared with the noninstrumented fusion group. The pedicle screw treatment cohort also demonstrated improved clinical outcomes with better function, greater neurologic recovery, and less back and leg pain than the noninstrumented fusion control group. The authors con-cluded that the clinical benefits of pedicle screw instrumentation in this condition outweigh any potential risk from implant breakage or other untoward perioperative event.
Booth et al reported on the clinical and radiographic outcome of 41 cases of degenerative spondylolisthesis treated with decompression and instrumented posterior fusion. 12 The authors demonstrated a satisfaction rate of 83% at final clinical evaluation. Eighty-six percent of patients reported a reduction in back or leg pain from their preoperative condition. Functional improvement after surgery was significant at the 2-year follow-up, but not at final review. There were no patients with a symptomatic pseudarthrosis. This was a retrospective review with a minimum 5-year follow-up (mean 6.5 years). No control group was available for comparison with the study cohort. Back and leg pain questions were grouped together rather than assessed apart. Eight patients had multiple-level fusions for adjacent segment subluxations. However, this study had been the longest follow-up of patients treated operatively for this disorder. It demonstrated that approximately 85% of patients treated in this manner, all of whom had a solid fusion, will maintain a satisfactory clinical outcome even after 5 years.
The current series is the longest prospective study of degenerative spondylolisthesis treated with decompression and arthrodesis. All patients were treated with single-level decompression and bilateral posterolateral autogenous fusion for degenerative spondylolisthesis with concurrent spinal stenosis. A successful arthrodesis was shown to generate improved long-term clinical results over pseudarthrosis. Clinical outcome was good to excellent in 86% of the patients with a solid fusion compared with 56% of patients with a pseudarthrosis (P ϭ 0.01). Back and lower limb pain scores were statistically significantly improved as well. In short review, good to excellent results have been reported in patients despite a pseudarthrosis. These results, as shown in the current study, have not been maintained over time. Long-term clinical benefits of an arthrodesis over pseudarthrosis, with respect to back and lower leg symptomatology, are realized on later review.
A major difficulty encountered in this study was locating patients, some of whom had surgery as early as 1985. The average age at the time of the index surgical procedure was 72 years. Currently, the mean age of the study group is more than 80 years, with many of the participants having relocated to warmer climates. It was felt by the authors that it would be impossible to do a clinical and radiologic follow-up on this population due to geographic constraints. It has been assumed for this study that the patient's radiographic status at 3 years has been maintained over the course of the study. Therefore, if a patient demonstrated a pseudarthrosis at final radiologic follow-up (2-4 years), it would be unlikely that a solid arthrodesis would occur in the ensuing 5 to 10 years. If clinical and radiographic data were required on each patient to complete this study, we think that the attrition rate would be unacceptably high, therefore invalidating any results.
A successful arthrodesis correlates with better radiologic parameters as well as an improved clinical outcome. In this study, the solid fusion and pseudarthrosis groups had similar preoperative demographics. Preoperative radiographs were analyzed in an attempt to identify radiographic measures of spondylolisthesis severity, which may influence fusion outcome. The initial spondylolisthesis and sagittal motion were not predictive of radiographic fusion. The initial preoperative angular motion at the location of the spondylolisthesis was statistically higher in those patients who ultimately went on to pseudarthrosis. In 22 patients, in whom a solid fusion was achieved, the preoperative angulation averaged 6.6°, whereas angulation in the 25 patients in whom a pseudarthrosis developed averaged 11°before surgery (P ϭ 0.02).
Conclusion
The results of the current study demonstrate that in patients undergoing single-level decompression and posterolateral arthrodesis for spinal stenosis for concurrent spondylolisthesis, a solid fusion provides lasting longterm clinical benefits. A successful fusion correlates with an improved functional outcome and less back and lower limb symptomatology, compared with prior shorterterm studies, which indicated no significant difference between the successful fusion and pseudarthrosis groups. An increased angular motion may be a preoperative marker for those patients at risk for the development of pseudarthrosis. The amount of preoperative spondylolisthesis and sagittal motion did not correlate with radiographic fusion status. Based on previous work, the addition of spinal instrumentation in this patient population increases the ability to obtain a solid fusion and may be recommended as an adjunct to bone grafting alone in patients at risk for pseudarthrosis.
Key Points
• Patients with spinal stenosis and degenerative spondylolisthesis benefitted from a solid arthrodesis.
• Patients who had a pseudarthrosis had an inferior long-term outcome.
• These results differ from previous shorter-term studies.
obtained after about 3 years of follow-up to ascertain whether the fusion was solid. In phone interviews conducted 5 to 14 years after surgery, they determined the patients' levels of pain and functional status. The findings are strikingly different from those of the 2-year analyses. Whereas the technical success of the arthrodesis was not associated with pain relief and functional improvement after 2 years of follow-up, 2 patients who achieved a solid fusion had considerably lower levels of back and leg pain and better functional status than patients with a pseudarthrosis after 5 to 14 years of follow-up.
One important clinical implication of this study is that instrumentation may offer long-term benefits not seen in the short-term trials. This critical inference is speculative and could only be proven with a randomized trial that had long-term follow-up. Given the expense of mounting such trials, it is disappointing that the authors chose to follow just one treatment arm from their trials and not both. They had an opportunity to compare the long-term outcomes of decompression with and without arthrodesis, and of arthrodesis with and without instrumentation. Such comparisons would address directly the issue that this study raises implicitly: If higher rates of solid fusion are associated with better pain relief, is instrumented arthrodesis a better choice than noninstrumented arthrodesis, or than no arthrodesis at all? In the absence of such direct comparisons, we must be cautious. While the higher fusion rates afforded by instrumented arthrodesis might lead to less back and leg pain, it is also possible that the instrumentation (and even the bone graft harvesting) could cause bothersome symptoms that would vitiate the benefits of a solid fusion over time.
Thus, this paper informs but does not resolve the debate over whether to add instrumentation to an arthrodesis for spinal stenosis and associated degenerative spondylolisthesis. The answer will await controlled trials with long-term follow-up. The paper does beg the question of the mechanism for superior long-term pain relief associated with solid fusion. Further research in this direction may yield additional insights into this important clinical problem.
